The strain SPO1 producing 13g of 2-keto-L-gulonic acid (2KGA) per liter was isolated as a spontaneous mutant of Gluconobacter melanogenus IFO 3293. For the enhancement of 2KGA productivity, we did further strain improvement studies of the mutant.
Vitamin C is industrially produced by the Reichstein method.1} D-Glucose is chemically hydrogenated to produce D-sorbitol and the product is then biochemically dehydrogenated to yield L-sorbose by Acetobacter xylinum. This L-sorbose is then chemically converted to diacetonesorbose and its product, diacetonesorbose, is chemically oxidized to diacetone-2-keto-L-gulonic acid, which is a precursor of vitamin C. Only the process to convert dsorbitol to L-sorbose is a biochemical step. The establishment of an efficient process for microbial production of 2KGAhas long been one of the objectives in the vitamin C industry.
According to the literature, microbial production of 2KGAmay be done by several different processes, which can be classified into two groups: one is the direct production of 2KGAfrom L-sorbose or D-sorbitol by a single microorganism or mixed culture, the other is a two-step fermentation of 2KGAfrom dglucose using two different microorganisms. First, we wanted to improve 2KGApro-ductivity from more than 7%of L-sorbose and then improve 2KGA productivity from dsorbitol because D-sorbitol is cheaper than lsorbose made from D-sorbitol by the fermentation method. We also wanted to replace yeast extract with corn steep liquor as a nitrogen source in the production medium because corn steep liquor is cheaper than yeast extract.
The 2KGAproductivity of mutants were evaluated by tube culture as a primary screening and by flask culture as the second screening. The selected mutants by the above mentioned screenings were finally evaluated in 3-1 jar fermentors for their 2KGAproductivity.
Here we describe a strain improvement study in which the mutants produced about Jar Fermentation. A glass jar fermentor, type MB-C 2000 (Iwashiya, Tokyo, Japan) was used. A fermentor has a total volume of 3 1 with a top drive system and temperature, pH, D. O., and exhaust gas monitors. Its working volume was 2 1 and the fermentation was done at 30°C. Fermentation was usually started with an inoculum size of 2.5% (50ml for 2 1 of the medium).
Analysis. The concentrations of 2KGA,L-sorbose, and D-sorbitol were measured by high-performance liquid chromatography (HPLC). All 2KGAvalues shown in this paper pertain to its free form.
L-Sorbose and D-sorbitol concentrations were measured using a carbohydrate column (ID of 3.9mm by 39cm, Waters). TLC plates and «-propanol-H2O-l% H3PO4-HCOOH (400: 100: 10: 1) as its solvent system were used. 2KGA,L-sorbose, and other compounds containing alpha-keto group were detected by blue tetrazolium, and other compounds including D-sorbitol without an alphaketo group were detected by tetrabase. The plates were sprayed with blue tetrazolium reagent containing equal volumes of 0.5% blue tetrazolium in methanol and 6n
NaOH and heated to produce violet spots. For the detection of compounds by tetrabase reagent, the plates are sprayed with 0.5% KIO4solution and then sprayed with the mixture of an equal volumeof tetrabase-saturated 2n CH3COOH and 15% MnSO4solution. White spots appeared against a blue background.
Cell growth was monitored at an optical density of 550 nm after dissolving the remaining calcium carbonate with hydrochloride.
All the values were expressed as the concentration against the starting volume of cultivation.
Results 2KGAproduction by various gluconobacters
The five strains of G. melanogenus described in Materials and Methods were cultivated in the medium containing 2.5% L-sorbose, 0.5% glycerol, 0.5% yeast extract, 0.5% MgSO4-7H2O, and 0.5% CaCO3. One loopful of agar slant culture of each strain was inoculated into 5ml of sterilized medium in a test tube and cultivated at 27°C on a tube shaker. After 7 days the culture was assayed for 2KGA production. As shown in Table I , all of the strains formed 2KGAto some extent. Among them, G. melanogenus IFO 3293 was the best. The yield obtained in this experiment is comparable to the yields already reported.2~5) G. melanogenus IFO 3293 was selected as the parent strain for further improvement.
Strain improvement by single colony isolation
The first trial for strain improvement was done by single-colony isolation. The slant culture of G. melanogenus IFO 3293 was suspended in sterilized water and spread on mannitol agar plates, with a composition the same as that of the agar slant. Colonies formed on the plates after incubation at 27°C for 4 days were picked up and maintained on mannitol agar medium. Each colony was inoculated into a test tube containing 5ml of the mediumcontaining 5% L-sorbose, 0.5% glycerol, 0.5% yeast extract, 0.5% MgSO4à"7H2O, and 0.5% CaCO3and cultured on a test tube shaker at 27°C for 6 days. The cultured broth was centrifuged and the supernatant was analyzed for 2KGAand remaining L-sorbose on TLC and HPLC. As a result, the isolated strains showed three different characteristics in terms of 2KGA production and remaining L-sorbose. They were 2KGAhigh producers (about 13g per liter), middle producers (about 4.3 g per liter), and non-producers. The strains SPO1 and SPO3 isolated as 2KGA high producers produced 13g of 2KGAper liter from 50g of L-sorbose per liter. The yield of 2KGAof strain SPO1against consumed L-sorbose was thought to be higher than that of strain SPO3
estimated from the amount of remaining lsorbose. Therefore, the strain SPO1 was selected as the best producer of 2KGAand was used for further studies.
Strain improvement by mutagenesis
Further strain improvement was done to obtain mutants producing 2KGAmore efficiently than the mutant SPO1from L-sorbose and D-sorbitol by mutagenesis and spheroplast fusion.
For mutagenesis, the agar slant culture of the strain to be mutated was inoculated into For UV irradiation, two ml of the cell suspension was placed on a glass plate and kept under a UVlight (15W) at a distance of 30cm. Samples were taken out at intervals and kept in dark for 60min before spread on agar plates.
For various mutagen treatments, the cell suspension was distributed into test tubes, to which 0.005 to 1.0mg per ml ofa mutagen was added and incubated at 30°C for 30 min on a tube shaker. The treated cells were washed with the above buffer twice to rinse out the reagent and spread on agar plates with an appropriate dilution. They were then incubated at 30°C for 4 days. The colonies were transferred by streaking onto agar plates. together and centrifuged at.1,000xg for 10 min. The spheroplast mixture was resuspended in HiMCPmedium followed by the addition of 40% polyethyleneglycol 1,000, and incubated at 20°C for 10min. The fused suspension was diluted with HiMCP medium, centrifuged, resuspended in HiMCPmedium, and plated on HiMCPagar medium containing 1.8% agar. After incubation at 27.5°C for 6 days, regenerants were obtained. The 2KGA productivity of the mutants selected through this study was evaluated by flask fermentation and the results are summarized in Table II. . The mutants shown in the table are classified into the following 4 groups according to our strain improvementstrategies taken up in this study:
1. 2KGA-high producers in the medium No. The mutant U13 and its mutant W5pro-duced 59 to 66g of2KGAper liter in medium
However, because they were tryptophan auxotrophs (data not shown), they produced only 2 to 4g of2KGA per liter in the medium No. 5 (C.S.L.). The low 2KGAproductivity of these mutants was recovered by supplementation with 0.1 to 0.2g of tryptophan per liter as shown in Table II . The mutant X48 was a In fermentation without pH control, 1.5% CaCO3 was added in the medium. During pH-controlled fermentation, Na2CO3or NaOHwas used as a neutralizing agent. ductivity of 2KGAwas attained by our strain improvement study.
Course of2KGAproduction by the mutant VI1
The mutant VI1 was grown in a 3-1 jar fermentor to observe the course of 2KGA production.
The fermentation was done in medium No. 5 (C.S.L.) containing 90g of dsorbitol per liter and the pH was controlled so that it did not drop below 6.0. As shown in Fig. 2 , D-sorbitol was almost completely consumedin about 30hr of fermentation, and l- 
